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inform masters at Sault Ste. Marie of the weather con-
ditions on the east end of Lake Superior and the north
end of Lake Huron.

As previously stated, the lake ships have been equipped
far beyond the requirements of law, but the major
portion of the commercial fleets of both United States
and Canada is still dependent upon the flag and lantern
displays. In addition to these unequipped vessels of
the larger classes engaged in interlake trade there are
numerous small eraft, such as fishing vessels and yachts
to which the flag and lantern displays are the only
available warnings of threatened storm.

I have no hesitancy, therefore, in stating that no
thought should be given at the present time to the with-
drawal or material contraction of the' primitive system
of flag and lantern displays. On the contrary, if this
service can be expanded to greater usefulness in the
saving of life and property the study of the Weather
Bureau should be directed to that end. For instance,
these signals show merely that a storm may be expected
from a certain point of the compass. If a simplerevision
of the code could be arranged to show the anticipated
force of the expected storm, the additional information
would be valuable.
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I make the further suggestion that the Weather Bureau
might render an added service by the forecasting of
fluctuations in the lake levels, particularly in the vicinity
of the shoal places governing the loading depths of the
vessels. Some years ago Mr. Frank Jermin, the meteorol-
ogist of the Weather Bureau at Alpena, Mich., made an
extensive study of the effects of barometric pressure on
the lake levels and the currents created by the transit of
the high and low pressure areas from one part of a lake to
another. The merits of Mr. Jermin’s deductions I am
not competent to discuss intellicently with you gentle-
men, but I have a distinet recollection that Mr. Jermin
sald that these water-level fluctuations could be forecast
with reasonable accuracy about six hours in advance of
their occurrence. If this be true, may I not recommend
to my Weather Bureau friends that consideration be
given to the issuance of advance information with refer-
ence to these fluctuations? '

While the poet sings of the ‘“bounding billows’ and
the ‘““wet sheet and flowing sea,” the mariner reads with
much greater concern the indications of his barometer and
the reports and warning signals of the Weather Bureau.
The stories they tell may not be ever new, but the interest
holds longer than it does in other Twice-Told Tales.

SIGNIFICANCE OF AIR AND SEA TEMPERATURES OBTAINED ON CRUISE VII OF THE
“CARNEGIE”! '

By KaraariNE B. CLARKER

On the tenth of May, 1928, the nonmagnetic ship,
Carnegie, sponsored by the Department of Terrestrial
Magnetism of the Carnegie Institution of Washington,
took departure from Newport News on its seventh cruise.
It was possible on this cruise to inaugurate a complete
meteorological program. From the middle of May, 1928,
to the middle of November, 1929, except for days in port,
air pressure, temperature and humidity, and sea tempera-
ture were recorded continuously and a definite effort was
made to obtain as accurate records as possible. These
Carnegie observations are particularly valuable because
in some regions of the Pacific where the Carnegie cruised
meteorological data of known accuracy are scanty if not
altogether lacking.

Of  the meteorological results which are now being
compiled at the Department of Terrestrial Magnetism,
those of sea and air temperature are the most complete
and accurate. '

A continuous record of sea-water temperatures at a
depth of approximately two meters was obtained with a
mercury-in-steel bulb-and-capillary type of sea-water
thermograph with daily movement. Sheets were changed
daily at Greenwich mean noon. Immediately before
each change of sheet the temperature of the surface sea
water was measured by the bucket method. This con-
sisted in lowering a canvas bucket into the sea about two
feet below the surface, quickly hauling this to the deck
and measuring the water temperature by immersing a
standardized .thermometer in the bucket. The tempera-
ture so obtained was entered on the thermogram. In
areas where the sea-surface temperature was changing
rapidly, as in entering port or in calm weather, a mean of
several bucket readings was taken.

The thermograms were scaled at every full hour local
mean time. The differences between thermograph and
bucket readings have been recorded, and these values,

1 Baged on a paper presented before the American Meteorological Society, Washingto~,
May 4, 1931. Also cf. Brooks, Charles F. Meteorological Program of the Seventh cruise
of the Carnegie, 1828-1020, MONTELY WEATHER REVIEW, May, 1929, vol. 57, pp. 194-196.
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used as a correction factor, applied to the hourly thermo-
graph readings to obtain true sea-surface temperatures.
Bucket temperatures were higher than thermograph
temperatures by 098 C. to 0°9 C. at lower sea tempera-
tures and by 0°2 C. to 0°1 C. at higher sea temperatures.
Comparing temperatures so obtained with the sea-sur-
face temperatures measured at the oceanographic sta-
tions with standardized reversing thermometers a differ-
ence greater than 0°5 C. never was found and at over
half the stations the difference was less than 0°1 C.
Values of corrected sea-surface temperatures range from
6°4 C, (43°5 F.), recorded just south of the Aleutian
Islands at 12" July 8, 1929, to 30°2 C. (86%4 F.) ap-
proaching Pago Pago at 14®, November 14, 1929.

For obtaining air temperatures several types of ap-
paratus were used. The Hartmann and Braun electric-
resistance multithermograph was installed for the purpose
of obtaining lapse rates from deck to masthead. Three
pairs of wet and dry bulb thermometers were installed
at various heights above sea level—one pair in the Steven-
son shelter on deck 12 feet (3.6 meters) above sea level,
another pair in a ventilated screen just above the cross-
trees on the mainmast 72 feet (21.9 meters) above sea
level, and a third pair at the masthead on the mainmast
113 feet (34.6 meters) above sea level. These Thermom-
eters were calibrated from time to time with an Assmann
aspiration psychrometer.

The usefulness of these Hartmann and Braun records
has been lessened because corrections for all the single
thermometers can not be obtained. It is evident that
the recorded values depend upon the efficiency of ven-
tilation of the screens, which in turn is modified by direc-
tion and velocity of the wind. Unfortunately these wind-
records were lost in the destruction of the vessel.

An examination of these Hartmann and Braun records
has revealed a diurnal variation in the apparent lapse
rates between deck and crosstrees (masthead-records
were too incomplete for use). This must be due to heat~
ing of the deck-thermometer during the daylight hours.
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It hais been' possiple to use these Hartminn and Braun
records in correcting deck-temperatures for overheating,
as Will be explained later, = o
“The Negretti:Zambra ventilating recording psychrom-
eter was locatéd in the Stevenson screen on the quarter-
d'e'bk'.""The'TééQrdiiig'Wet and diy bulb thermometers of
this jtistrument wére calibrated daily, at Greenwich mean
noon, by’ mé’ahs of an’ Assmani sling psychrometer, Asg
soon &8 the wet'and dry bulb temperatires were read off
ofi the Assmann they were entered direetly on the Negretti-
Zambrs ~ theimogram. - The Negretti-Zambra traces
have been scaled at local meap time and hourly values
coirected from Assmapn reading liave been obtained.
Tom' ‘these ‘values tables of hourly air temperature,
re%a'(tiive, humidity, and vapor pressure have been com-
led. - | : . ! .
P Partly as a contribiition to climatology and partly to
gtudy the djurnal variation of these elements, mean
hotirly values fpr aréag have been computed. The areas,
twenty-two in al]l, have been selected to represent regions
within which small variations of temperature were found,
or regions with like variations, such as the Gulf stream
crossing, "The periods of obseryation for the areas vary
from 3 to 35 days. ' '
As mentioned previously, an examination revealed a

didrral “varldtion i the apparent lapse-rate between
deck and crosstree temperatures recorded by the Hart-
mann and Braun instrument due undoubtedly to over-
heating of the deck thermometer during the day. Like-
wise &' ‘didrnal variation in différences of temperature
recorded by the Hartmann and Braun dry bulb at the
crosstrees and the Negretti-Zambra dry bulb in the deck
screen has been discovered. The amplitude of this varia-
tion; however, is not as great as that of the differences in
the two Hartrhgnn ‘and Braun thermometers presumably
ibeéz?;se‘the Negretti-Zambra instrument was better venti-
Ete‘ f . o . ca L. N N
- It has seemed justifiable to use these curves of differ-
ences for coniputing a correction to be applied to the day-
time hourly mean temperatures by areas recorded by the
Nepretti-Zambra dry bulb. The curve of differences
during’ daylight hours between Negretti-Zambra dry
bulb on deck drid Hartmann and Braun dry bulb at the
crosstrees (means for areas) has been applied as a correc-
tion' to' the meéan values of air temperatures. The result
of #pplying these corrections is shown in Figure 6.
‘gDaéhed. line ' represents mean air temperature as read
roth ' Negrotti-Zathbra “dry bulb and ' corrected from
Assmann readings. Broken line represents what the
niean' air temperatureé would be with a correction of the
mean differences 'between Hartmann and Braun deck
and crosstree temperatures applied to the Negretti-
Zambra dry-bulb means. Full line represents air temper-
atures corrected for ‘the mean differences of Hartmann
and Braun crosstrees and Negretti-Zambra deck dry-
bulb temperatures, which is accepted as the most aceu-
rate ait temperature which éan be obtained from the
dats available.) ' There are therefore corrected hourly
mesahs of 'sea-surface temperature and of air temperature
for 22'areas; :© T L S

_Next 4 'stidy of the differences bétween air and sea
temperatures was undertaken. Of the daily means for
the entire cruise it was found that in 61.5 per cent of the
days the niean sea temperature exceeded mean air
teriperature. ''On the other 38.5 per cent of the days
mean sdir temperature exceeded mean sea temperature.
However, these daily means of air temperature were not,
corrected for overheating and are undoubtedly too high
for actual air temperatures over the sea. Moreover the
investigations were all carried out during a summer
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season or in the tropics and therefore do not répresent
true annual averages. o e

In comparing the mean differences for areas between
air and sea temperatures, the mean air femperatures
corrected for radiation were used. The difference of sea
temperature minus air temperature we$ never as great as
2°0 C. 1In only two areas, crossing the Gulf 's,;tx‘éam',am}'
in the Gulf of Panama, were mean sea tempefatures mbre
than 1°0 C. higher than mean air temperatures.” This
large difference of 196 C. over the Gulf stream may be
attributed to the high water temperatures, A différence
of 125 C. between mean air and sea temperatures in thé
Gulf of Panama may be explained by the fact that during
the entire 12 days of this'series the wind was consisténtly
from the southwest—from a region in which gea tenmpera-
tures only a few hundred miles away were as much as §°
lower than in the gulf. ~ Thus air considerably cooler than
gulf water temperature was imported. =~ . " .

It is, also, interesting to note that of the means for the
areas which include that part of the cruise froni Japan
to San Francisco, air temperatures appear to be slightly
higher on the average than sea temperatures. Differences
are small, from 0°1 C, to 097 C. The winds during, this
part of the cruise usually had a southerly component.

In one other area, that centered off the coast of Chile
approximately on the western edge of tHe Pertivibn cifr
rent, the mean air temperature was 0°11 C. higher than
the rather low mean sea temperature here.

From the corrected hourly means for areas & study of
diurnal variation has beén made. From 'thé litérature
concerning previous investigations of this subject it was
expected that the diutnal variation in differénces between
air and sea temperatures would' be small—abdut 1 C.—
and that in general air ‘temperatures would be lower thah'
sea temperatures during the night and wduld ;approdch
and probably exceed sea temperatures durink’ the diy.
Mean hourly air temperatures for' aress corrected for
radiation and for nonperiodic change, and mean hourly
sea temperatures for areas cotrectedfor ‘nonpériodic
change were used. For the areas which include that part
of the cruise from Iceland to the Mid-North "Atlanti¢
(17° north, 38° west) and from Barbados to Callao noné of
the 24 mean hourly air temperatures exceeded the' mesh
hourly sea temperatures. For all other areas the’ niean
houtly air teniperature at some time diring the day rose
higher thah the mean sea témperature. Howevet, when
air temperatures not corrected for radiation were used i
this comparison, for every area except that-of the Gulf
streamn and of the Gulf of Panama air temperattires
exceeded sea temperaturés sometiine ' during the--day:
This seems to indicate that-if the effect of radiation could
be entirely eliminated the mean daily air temperatiireé
would seldom exceed mean daily sea teniperature.-' ' -

It was noted that in some of the areas the air tempera-
ture exceeded the ses temperature only during the houra
between'8 and 10 a. m.’ In others the air tempeéritnre
rose above sea temperature about 8 or 9 a. m. and Te-
mained above until late afternoon (see fig: 7). A study
for the cause of this revealéd that in the ‘areas which had’
an air temperature greater than sea temperaturb in the:
morning and then fell below the rest of the ddy, that the:
air temperature was at & maximmum -about 1¢ 'a: m.-
The most plausible explanation for -this: seemed to 'be
found in the cloudiness records-from the log extract and-
from some atmospheric-electric observatiens; whi¢h'in-'
dicated that days included in means which had an early
maximum were also days when: the sky elouded over in.
the late morning and remained cloudy the rest of the
day, thus producing an effect comparable to that of a
nmountain climate in summer.
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FiGUurE 1.—Cruise VII of the Carnegie, May,1928 ,to November ,1929 (broken line shows portion not completed

FIGURE 2.—Sea-water thermograph used on Carnegie, showing mercury
bulb, metal shield, and recording mechanism
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FIGURE 3.—Two thermograms from cruise VII of the Carnegie (upper one was obtained on the western edge of the Humboldt Cur-
rent; lower one is typical of those recorded on calm days in the T'ropics)
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FIGURE 4.—The Carnegie showing positions of Hartmann & Braun wet and dry bulb thermometers
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FIGURE 5.—Stevenson screen, open (on left a pair of wet and dry bulb Hartmann & Braun ther-
mometers; in center, N grem -Zambra ventilating recording psychrometer motor-box outside shelter;
Assmann aspiration psychrometer at extreme right)
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~[n. order td determtine to what degree!' lapse rates ob-
tdined by means of therinoimeters-at different heights
dbove detk’are useful; the wet and dry bulb’ temperature
at''différent heights on.days when an ‘Assmann calibra-
tion with'the Hairtmanr and ‘Brdaun' therthometers was
'made;' ‘werd plotted.. These daytime -ldpsé rates are
shown in Figure:8: The most striking fact'is that these
rates ‘are' decidedly superadiabatic.-

(F) July 29, 1928, at 12" lodal mean time, otf coast of
Iceland The drv bulb at the masthead was’ 125 C. lower
‘than the -deck: drj7 bulb, a lapse équal to four times the
dty adiabatic.-! The:wet bulb lapse Wwas 171 C. between
deck and masthead or'six times the saturated adiabatic.
The weather was cloudy: with 4 moderate N'W. breeze,
sea Hoderate’ with surface teniperature of 116 C.

-2) January 14, 1929; at 10® loeal mean time, entering
the port of Callao: There was a 'dry 'bulb bempelatme
lapse of 291 C.- from dee¢k to crosstrees and of 0°5 C.
from:-erosstrees to mhastliead, a total lapse of 2°6 C. in
35 rheters: or-seven times-the dry adiabatic. The wet
bulb ‘lapse rate was 120 C. bétween deck and: crosstrees
or nine times the saturdted adiabatic. Wind was SSE,,
force 3, weather cloudy, sea temperature'18°8 C. -

(8) March 12, 1929, at 11® local mean time, approach-
mg the island of Tahiti: The dry bulb lapse rate was

290 G. from deck to crosstree< and 0°8 C. from crosstrees
to masthead ‘8 total of 298 C. or seven times the dry
adiabatic. Wet bulb lapse was.1°1 C. in 35 meters or
six times: the saturated adiabatic. . Weather was squally
with gentle NW, breeze. Sea-surface temperature was
2823 C. .

.If the. deck readmcs are 1gnored the lapse rates be-
tween crosstees and masthead are respectively two, four,
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and 'six_times- the dr¥ adiabatie. ' Thdse are exceedingly
steep, suggesting that even the crosstree temperatures
may have been affected by radiation’ from deck, sails,
and shelter. It'is entirely possible that such lapse rates
could exist—rates as high as ten or twenty times the dry
adiabatic have been - observed. Certainly these exces-
sive lapse rates do not represent ac¢tual air conditions
over the entire ocean for any length of time. It weuld
seem impossible for such unstable conditions to -exist
throughout a-layer of air 35 meters thick for any length
of time over any great area:

The results of the study -of air and sea temperatures
obtained on the Carnegie indicate ‘that it is possible to
obtain entirely satisfactory sea-surface temperatures with
the sea thermograph corrected by careful bucket readings.
It seems very probable, however, that air temperatures
obtained on a ship at sea, particularly in the summer or
in the tropics are too high and do not represent actual
conditions over the sea. Since differences between sea
and air temperatures are usually less than 1° C., for
purposes of studying the physical processes of the atmos-
phere it becomes necessary to have air temperatures
accurate to a tenth of a degree. In order to obtain
ternperatures of such degree of accuracy methods must
be devised for obtainirig thes¢ continuous temperatures
free from the effect of local heating. Carnegie data in-
dicate that if air temperatures a few meters above the
sea, free from the effects of insolation on the shelter,
radiation and heated air could be obtained, it would
be found that even the mean hourly air temperatures
seldom exceed the sea temperatures. Certainly the sea
experts a powerful temperature iafluence upon the
atmosphere.

THE SELECTED SHIP PROGRAM FOR OCEAN-WEATHER REPORTING BY RADIO

By Epaear B CaLvVERT, Chief, Forecast Division.
[Weather Bureau, Washington}

-Puring the pasttwo years the Weather Bureau bas -

been actively engaged in furthering its share of a project,
infernational in scope,intended to coordinate and improve
the work of: reporting meteorological conditions at.sea by
radio.. .It is not intended that the new scheme, so far as
.the bureau’s own service:is cencerned, shall :supersede
the -existing arrangement. through. which it secures by
radio, .chiefly. for.its own: purpose, a considerable daily
collection:of reports from ships in the. Pacifie Ocean-and
during the. hurricane .season .from ships in 'the South
iAtlantic, Gulf of Mexico,; and Caribbean Sea. Though
the new project is distinctively.international in character.
and is.ithe ‘Weather Bureau's contribution to a world-
-wide program,. it will serve to strengthen materially its
own radio weather service from ships at sea.

.Weather. reports from ships have long been used in
a,dvancmg! knowledge of ocean meteorology and in supply-
ing information concerning storms and other atmospheric
conditions over the oceans for the benefit of navigation.
In the last quarter of a century. ships’ weather reports
have been :collected by radio "in increasing numbers,
the eby enabling meteorplogical services to extend dsuly
synoptlp icharts over .the oceans and. provide daily fore-
cagts and:warnings and synoptic weather mformatlon by
radmbroa.dqast for use of ships at sea.

HISTORICAL E
A majority of ocean-going ‘vessels traverse waters

from which weather reports are needed by the meteoro-
" logical services of two or more nations. To make weather

"reports from & ship. available to, mqre ‘than one meteoro-

logical service, a system of international exchanges must
be set up or officers of ships are charged with miuch addi-
tional work in taking observations and forwarding reports
to each service separately.

The need of coordination has long been recognized.
More than 50 years before the invention of wireless
communication, Lieutenant Maury sought more effec-
tive coopemtxon in acean meteorological work. He at-
tended the First Meteorological Congress in Brussels in
1853, and advocated the establishment of & uniform mode
of makmg nautical and meteorological observations on
board vessels of war. The result was that this confer-
ence undertook to use a uniform system of meteorological
observations both on land and sea all over the world.
High honors were bestowed on Maury thh in this and
other countries because of his work in the -fields of
oceanography and meteorology, but many may not
remember that in 1868, he was appointed professor of
meteorology in the Vlrglma Military Institute at Lex-
ington, w %mh possibly was the first recognition in this
way of the science of meteorology by any mstltutlon of
learning.

Devgiopment of wireless communication early in the
present century brought many serious complications
that did not enter into the program conceived by Maury.

The first wireless message received by the Weather
Bureau containing a weather observation from a ship at
sea was in December, 1905. Radio weather service from
ships at sea was thereafter extended by the Weather
Bureau and the weather services of other countries, keep-



